
���� �� � � � 	 
 � � 
 � � �

 

2008 International Conference on Advanced Information Technologies (AIT) 

��������	�
��
����������������	�
��
����������������	�
��
����������������	�
��
��������

� � � �� � � �� � � �� � � �  
    

 

�������� 
��������	
��
����

� � � � �� �� �� � � � � ���  ! "

# 37 ���� � $ % & '(��� � $ % )
* + �,-. �$ % & '/ 0 1 �23 4 5 6

72��89 2��: ; �< = > ? @��&

'A B C D EFGH IFJ K LM N O� � �

� ��PQ R (����& 'S��T U 8V

W X Y Z [�\]^ $ % ��� � & 'C PQ

D EF? _(` a Y 3 b > �< c d e ��&

']$ % & 'f L��> g h i�j �k �l

? @$ % ��]��& 'C H IFJ K (`

a Y 3 b > �m[nmW o p q($ % ��r

,� � D s OStu v 7��� � � w ��


����(� � x y z { 99.95%O 
h | } ~9 2�D EF? _�̀ a Y 3 �H I

FJ K  
Abstrcat 

This paper proposes a high-accuracy 
on-line handwritten Chinese phonetic symbol 
recognition system. In the training stage, the 
system creates the database which contains the 
reference handwritten patterns of 37 Chinese 
phonetic symbols. According to the writing 
stroke sequence, the reference pattern of a 
phonetic symbol consists of both visible stroke 
segments and hidden stroke segments. The 
reference patterns of some specific phonetic 
symbols also contain the tags for structure 
features and limited merging operation. In the 
recognition stage, the stroke segments of the 
input handwritten phonetic symbol are first 
extracted and are then normalized. Next, 
dynamic programming is performed to match 
the input stroke segments with those of a 
reference phonetic symbol. Based on the 
stroke-matching result, the limited merging 
operation can be further performed to adjust the 
result of matching the input handwritten symbol 
with a specific reference phonetic symbol 
having the tag of limited merging operation. 
Finally, the matching result is the reference 

phonetic symbol with the minimal difference 
value. The experimental result shows that the 
system’s recognition accuracy is 99.95%. 

Keywords: hidden stroke, structure feature, 

dynamic programming,  

limited merging operation 
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� �  
� �  

	 
  

� �  


 �  

� �  

� �  

� �  

1,US  1 � MCR=0.278 (0,24) (93,7) 

2,US   � MCR=0 (93,7) (51,0) 

3,US  2 � MCR=0.278 (51,0) (39,58) 

4,US  2 � MCR=0 (39,58) (88,39) 

5,US  2 � MCR=0 (88,39) (99,45) 

6,US  2 � MCR=0 (99,45) (82,99) 

 
 (b)  

�� 

� �  

� �  

� �  
� �  

	 
  

� �  


 �  

� �  

� �  

� �  

1,RS  1 � shape=“ T”  (0,0 (99,0) 

2,RS   � shape=NULL (99,0) (52,0) 

3,RS  2 � shape=“ T”  (52,0) (29,30) 

4,RS  2 � shape=NULL (29,30) (75,30) 

5,RS  2 � shape=NULL (75,30) (58,99) 

6,RS  2 � shape=NULL (58,99) (34,86) 

 (c)  
�� 

� �  

� �  

� �  
� �  

	 
  

� �  


 �  

� �  

� �  

� �  

1,RS  1 � 
shape=“ X”  

MCR=0.353 
(0,22) (99,22) 

2,RS   � shape=NULL (99,22) (49,0) 

3,RS  2 � 
shape=“ X”  

MCR=0.353 
(49,0) (22,44) 

4,RS  2 � shape=NULL (22,44) (82,44) 

5,RS  2 � shape=NULL (82,44) (60,99) 

���� � � � � 	 
 � � 
���� �

	 
 � � 
���� � � � � � � � � � � 

! " 2(a)# " 2(b)$ % & ' ( )* ��+ , -
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��� 1,RS ; 3,RS < = T > 5? �

@� � 	 
 
��� 1,US ; 3,US � MCR 4A

B 0.278CD < = E F 5? G�HI 1,RS J 3,RS
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1,US ; 3,US 1M N MCR 4�O )* 2 3 4P
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 � �


���� � 	 
 � � 
���� � � � � �

� � � � � ! " 2(a)# " 2(c)$ % & ' ( )
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��� 1,RS ; 3,RS
< = E F 5? CMCR=0.353G�w� � 	 
 
��
� 1,US ; 3,US x < = E F 5 ?
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���� 3. (a) � �� �� �� � � �� �� �� � ������������	 
 �	 
 �	 
 �	 
 � � �� �� �� � ������������





TD � � �� � �� � �� � � (� �� �� �� � ��� ���� ���� ���� �� 
 � � � � �� 
 � � � � �� 
 � � � � �� 
 � � � � � ����T
����� � � �� � � �� � � �� � � � ���� ! " 
� � � ! " 
� � � ! " 
� � � ! " 
� � �####$ % & '$ % & '$ % & '$ % & ' T
�� ��� ��� ��� � � �� �� �� � ( ) * + 
, � �( ) * + 
, � �( ) * + 
, � �( ) * + 
, � � ) (b) � �� �� �� � � �� �� �� �
������������	 
 �	 
 �	 
 �	 
 � � �� �� �� � ������������



 TD � � �� � �� � �� � � (- �- �- �- �
��������� �� 
 � � � � � �. / � � � �� �� 
 � � � � � �. / � � � �� �� 
 � � � � � �. / � � � �� �� 
 � � � � � �. / � � � � ����    

! " 
� � �#$ % & ' . / � � � � ( )! " 
� � �#$ % & ' . / � � � � ( )! " 
� � �#$ % & ' . / � � � � ( )! " 
� � �#$ % & ' . / � � � � ( )

* + 
, � �* + 
, � �* + 
, � �* + 
, � � ) 
 (a) 

 
 1,RS  2,RS  3,RS  4,RS  5,RS  6,RS  

1,US  
363 

(198) 
3165 

3450 

(1879) 
664 1206 1510 

2,US  
3268 

(3268) 
124 

2181 

(2181) 
2733 2503 2302 

3,US  
3070 

(1672) 
2866 

578 

(315) 
1294 880 1510 

4,US  
1081 

(1081) 
3427 

1328 

(1328) 
541 1740 1696 

5,US  
855 

(855) 
2453 

1434 

(1434) 
559 1040 1874 

6,US  
1492 

(1492) 
1870 

1086 

(1086) 
1101 570 1336 

 
(b) 

 
 1,RS  2,RS  3,RS  4,RS  5,RS  

1,US  179(167) 2949 1991(1852) 660 1492 

2,US  3477(3477) 140 2317(2317) 2941 1771 

3,US  1676(1559) 3106 288(268) 1373 979 

4,US  1430(1056) 3059 1807(1335) 517 1435 

5,US  1157(855) 2561 1901(1404) 542 703 

6,US  2019(1492) 1960 1439(1063) 1071 178 

 
� 12(a)��� 3(a)�� � �� 	 
 � �


� � � � � � ���� � � � � �����

�� �  ! �"#� $ % & ' � 2733()�
12(b)�� 12(a)*� � � � ���� � � � �
����
 � � 
+ 
� ,  ! �� , - . �

/ - % 0 �1 2 - . 1,US � , - . 1,RS �- .

2,US � , - . 2,RS 3�, � 4 - . 5,US �5 6

*- . �- . 6,RS �7 8 *- . 9: ; ��

13(a)��� 3(b)�� � �� 	 
 � � 
� � �
� � � ���� � � � � ���� � ! �"

#� $ % & ' � 1477<= $ > � 12(a)*'
2733 ? (� 13(b)�� � � � ���� � � � �
����+ 
� ,  ! �, � 4 @ - . 5,US �

5 6 *- . 9 
 

    
 
 

(a) 

(b) 

5,US (��) 

1,RS
2,RS  

3,RS  
4,RS

5,RS  

6,RS ( � � ) 

1,US

2,US

3,US  4,US

6,US  

�� � � 	 
 � � �� � � � 
 � � � � � � � � � � � � � � 
 � � �

� � � � � � 
 � � � �� � � � 
 
 �� � � � � � � � 	 	 � � 
 � ��
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 � � � 	 � � � �� 
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 �� � 
 
 � � � �� 
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� � � 	 � � � 	 	 � � � � 
 � � �
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 � �� � � � � �
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 �
 � � 
 � 
 � � � � � � � � � � � � 
 �
 � � 
 ��� � � 	 � �

� � 	 �� � 	 � �� � � � 	 � � �� � � � � 	 � � � 
 � 
 � � �� 	 �

� 
 � � � � 
 � � � � � � �� � 	 	 � � � 
 � � � � � 
 � � � � � � �

 

1,RS 2,RS 3,RS  4,RS 5,RS  

1,US  

2,US  

3,US  

4,US  

5,US  

6,US  

6,RS  

���� � �� �� �� � ������ � ��� � ��� � ��� � � 	 
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! "! "! "! " �� # ��� # ��� # ��� # � � � � �� � � �� � � �� � � � ������������� � � � �� � � � �� � � � �� � � � � ������������

� � � � �  ! " � $ %  &� � � � �  ! " � $ %  &� � � � �  ! " � $ %  &� � � � �  ! " � $ %  & ����

� � � � � �

 
``    

 
 

(a) 

(b) 

�� � � � � � � � � �� � � 	 � � � 	 � � � 
 � 
 � �

� � � � � � 	 � � � 
 � � � � � � � � � �� � � � � 
 �

� � � � � 	 	 � � � � � � � �
 � � � � � � � � 	 � ��

� 	 
 � � � � �
 � � � 
 � � � �	 � � 
 
 	 � � � 	 � �

� � �� � � 
 � � � � ��� � � 
 � 
 � � � � 
 � � � � � �

� 	 � �� � � � � � � � � �� � � � � � � � � � � � � � 	 �


 � 	 � � � 
 � � � � � 	 � � � 
 � � � � �� � � � 
 	 	 �

 

1,RS  2,RS 3,RS 4,RS 5,RS

1,US  

2,US  

3,US  

4,US  

5,US  

6,US  

1,RS 2,RS  

3,RS
4,RS  

5,RS  

5,US (��) 

1,US
2,US

3,US 4,US

6,US  

���� � �� �� �� � ������ � �� � � �� � � �� � � � 	 
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������� 37 �	 
 ��� �
 �

� � � � � � � � � � ����� � �� � �

� n � ! " � n=10#	 
 ��$ % & ' �
��( ) * + , - . / 0 1 2 3 4 5 6 7� 	


 ��8 . 9 : � ; < => ? �@ 14(a)% (
@ 11 A � ����BCD� 37�	 
 �� E
F2 3 G H I T J K L #� �
 � � � � � �
� � � �M�N $ O � 10 P 	 
 ��I � �
��O Q � K R S T U �V , P & ' ��BCD

W % X Y ��Z [�\ � � � 1477 ]� ^ V
_ P & ' ��B`D� � � �(=2393)=a b �
�� c d e �f 37 �	 
 ��gEFh i 2
3 G H I T J K L �jN $ O � 10 P 	 
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�I � � �? @ 14(b)�jk l m � n g	 

��BoDp % V _ P & ' ���q �O r E

F�2 3 K L 76 s ��t u v w � n ��Z

[ ? x > gBoD�BCD#ygz�7= 
  

���� � � � �� � �� � � �� � �� � � �� � �� � � �� � � 	 
 � � 
 � � � � � � � � �	 
 � � 
 � � � � � � � � �	 
 � � 
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 � � 
 � � � � � � � � �

� � �� � �� � �� � � ���������������� � �� �� �� � �  ! � � ! " 
 #�  ! � � ! " 
 #�  ! � � ! " 
 #�  ! � � ! " 
 # �� $ ��� $ ��� $ ��� $ �

% 	 
 � � 
 � � � � & � � � �% 	 
 � � 
 � � � � & � � � �% 	 
 � � 
 � � � � & � � � �% 	 
 � � 
 � � � � & � � � � ����������������

� �� �� �� � �  ! � � ! " 
 #�  ! � � ! " 
 #�  ! � � ! " 
 #�  ! � � ! " 
 # ''''( ) * + � �( ) * + � �( ) * + � �( ) * + � � ������������

,,,,����----����� . / 0 1� . / 0 1� . / 0 1� . / 0 1 2 32 32 32 3 44445 6 � �5 6 � �5 6 � �5 6 � � ����----����

7 � 8 9 � 5 6 � �7 � 8 9 � 5 6 � �7 � 8 9 � 5 6 � �7 � 8 9 � 5 6 � � ::::����
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� 1477 
� 2393 
� 2490 
� 2712 
� 2733 

� 2768 
� 2887 
� 3147 
	 3385 

 3434 

  (a) 

��� � � � � � �

� 1445 
� 2305 
� 2393 
� 2486 
� 2712 
� 2768 
� 2887 

� 3147 
	 3385 

 3415 

  (b) 
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 � � Y �� �� � �(
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³ x ­ ® � � ��� � � 
 � � � �

��N � �g�´ %� � IEFµ h i � ��

� � � l m �qx­ ® 2 3 g45 ° ± ��¶

� � ^�� � � �� Q ,� � ^{������

�����}� & ' � � ·�̧ �� � � gt �

EF�� Q ¹& ' � � �� M,� � . / �º

» ¼ � 
 � �� � � g_ � t � EF45 p

,� EFg� ¥ = 
x­ ® ½ ¸ ? ¾ �_ � t � EF45 p

,� EFg¿ jÀ t �? @ 16 N � � iUS , I

1, +iUS Á�� � � �Â Ã _ � t � EF�Ä 4

5 %,Å ��t � EF
*

,iUS �Æ Ç ¶ È 45

iUS , I 1, +iUS p %
*

,iUS M�
*

,iUS �É � I¡ �

� � Ê Ë �I45 iUS , I 1, +iUS p %
*

,iUS �4

5 p x=Ì ,EF iUS , �¡ � % lenS iU ., �j
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r s  B ��
��  y z � � G  

1 1849 99.95% 

2 1 100% 

10 0 100% 

>10 0 100% 
 

m 22 � B ��
� � ��� m! �� m
� � L � ! B ��
CDE�C�E�C�ENC�E

K 5��� b� B ��
� � ��I��� �
n � � 1200 �� � ��� B ��
( ) �b
� w �1200 �� � ��B ��
4 ; < = >
A� 7�; < v � 100%? 
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���� 7. 1200����� �� �� �� � ��������� � 	 
 �  ! "� � 	 
 �  ! "� � 	 
 �  ! "� � 	 
 �  ! "  

p q �
r s  B ��
��  y z � � G  

1 1200 100% 

2 0 100% 

10 0 100% 

>10 0 100% 

 
�_ � � � � 4 p q �
� �B �; <

d� �m 23(a) � �` a � � g h i B ��
��� � � 4 p q �
� �n � j � �� ��

@ �� Am 23(b)�� � �( ) � � B �� �
T �� � � �   �x�¡ N¢ �( ) � � B �

� �T £ � � � �   �£ � � � �   4 �� (

) e J KL g h P Q R " 8 q � � �x�¡ N

¢ �4 t?¤ a ¥ 5,401 ¦ h � � � � � ��

n � 1211 �(� � 17 ��t� 307��x
� 250 ��¡ � 298 ��¢ � 339�)���
� n 
�� 6,055(=1,211*5)�B ��
�
��� 8 § ! ; < v � 100%? 
 

       

   
 
 
 

 
 

 

(a) (b) 

���� �������������� � ��� � ��� � ��� � � 	 
 �	 
 �	 
 �	 
 � � 
� 
� 
� 
 � �� �� �� � ����� � �� � �� � �� � � � �� �� �� � ���� ����

���� � � � � �� � � � �� � � � �� � � � � � 
� 
� 
� 
 � �� �� �� � ����

���� 8. 6055�# $ � � 	 
 �  ! "�# $ � � 	 
 �  ! "�# $ � � 	 
 �  ! "�# $ � � 	 
 �  ! "  

p q �
r s  B ��
��  y z � � G  

1 6055 100% 

2 0 100% 

10 0 100% 

>10 0 100% 
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�� � � � 4 B ��
; < ` a �b� ¨

© B ��
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® �" ¯ ° G � � � � �" � ± �7 8 
�I

² ³ d´ µ ¶ � · ± �³ ¸ �h � 8 U ¹ º »

¼ ½ � � � 4 ] ¾ ?¿ 3 ��; < ` a e À Á

� � Â Ã Ä Å 
(1) Æ / B �� ��8 Ç g h i B �� Ç ? 
(2) È É � � �Ê � � Ë ( ) � B �; < ? 
(3) Ì Í ; < � ��
w �Î Ï Ð �
Ñ Ò
� � � � Ò S p q � � � �7 8 e Ó Ô

Õ Ã Ö 
Ò × Ñ Ò � � � Í d�@ A�

Ø T Ù Ú Û k �Ñ Ò � � � ��Ü ª Ý

Þ h Ö 
¼ ½ 0~9 Ò × � � t�Ñ Ò �
� � �ß � � Ñ Ò � Ù � tØ �ª h Ö
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